Background {#Sec1}
==========

Studies on the use of biocompatible dental materials for restoration of dental prostheses have been conducted continuously \[[@CR1]\]. Studies on the cytocompatibility of biomaterials for dental use include in-vitro and in-vivo experiments; clinical, animal, and cell culture experiments are used to investigate the reactions of biological tissues \[[@CR2]\]. Since in-vivo reactions are complex, identifying the part where cells are involved, the steps involved in the reaction, and their outcome is extremely difficult \[[@CR3]\]. For the implants used in dentures, surface-treated dental biomaterials that facilitate integration into bones and intraoral tissues are used and lost teeth are replaced considering the tooth shape and oral function of the patient after implantation \[[@CR4]\]. While replacing lost teeth, dental materials including metals, ceramics, and composite resins are used for implant prosthetic restorations considering the shape of the lost teeth and oral functions. To achieve the required shape and function after restoration using such artificial materials, functional restorations using these materials must be fabricated. Although the dental restoration materials used in actual clinical practice are based on standards with respect to their physical properties, the potential for risk factors exists due to micro-changes caused during fabrication as the materials undergo a secondary physicochemical fabrication. Nevertheless, studies on the relationship between the negative micro-influence caused in applied restoration and intraoral biological tissues are rare.

Owing to the convenience of dental restorations and the need for biological stability, the demand for implants is gradually increasing \[[@CR5]\]. The restorations applied to the implant prosthetic superstructures used most commonly are fabricated entirely in the CAD/CAM system or as a part of restorations that underwent the designing and cutting process \[[@CR6]\]. For fabrication of dental restorations, the wax patterns created after the designing process in the CAD/CAM system undergo investment, burn out, casting, polishing or sintering, and pressing. Among dental materials, the materials used to fabricate the dental core of the implant for upper prosthetic restorations are P.F.G, metals including Ni-Cr and Co-Cr, and ceramic materials including Lithium disilicate glass ceramic and zirconia \[[@CR7]--[@CR10]\]. Based on a previous study, among the dental precious metal alloys widely used for prosthetic restorations, gold alloys are known for their excellent cytocompatibility and high corrosion resistance \[[@CR11]\]. Although non-precious metal alloys are more utilized due to economic circumstances, chances of metal ions micro-release inside the mouth and various types of corrosion including corrosion, friction, and fatigue due to external compounds are higher than those with gold alloys \[[@CR12]\]. Furthermore, complications including inflammation and damage due to implant osseointegration may be caused by the interaction between released non-precious metal ions by the chipping due to corrosion, and other cells and soluble molecules \[[@CR13]\].

Release of metal ions from the non-precious metal superstructure after implant placement may influence the intraoral physiological environment and interactions, ultimately causing functional defects \[[@CR14]\]. Ni-Cr dental alloys possess relative corrosion resistance when they contain 20% or more Cr; however, corrosive actions are also altered depending on the casting condition, heat treatment, and surface treatment process during the fabrication process of dental restorations \[[@CR15]\]. Therefore, restorations of Ni-Cr alloys may alter food taste or cause gingivitis \[[@CR16]\]. Ni is one of the metals that causes allergy and triggers local and systemic allergic reactions in sensitive individuals \[[@CR17]\]. Therefore, all dental alloys containing Ni should undergo thorough examination before and after clinical application. Considerable endeavors have been made to improve the biological characteristics of superstructures made from non-precious metal alloys that may reduce implant biocompatibility due to the potential release of metal ions \[[@CR18]\]. One of the most common recent technologies enhancing the biocompatibility of the non-precious metal alloy superstructure is the use of biocompatible materials such as zirconia and lithium disilicate glass ceramic \[[@CR19]\]. Zirconia possesses excellent corrosion resistance and presents in-vivo and in-vitro biocompatibility \[[@CR20]\]. It also has great influence on the chemical composition of dental materials and implant adhesive strength \[[@CR21]\]. However, studies with cells to investigate implant osseointegration after obtaining the core, which is a superstructure of the implant prepared through the dental restoration fabrication process using such materials, are extremely rare.

Alloys used for dental upper prosthesis consist of 4 or more or 6 or more metals and the composition of these alloys varies. To meet the increasing functional and biological needs for these dental alloy materials, studies on biocompatible materials with respect to the chipping due to stress during the long-term use of the upper prosthesis have been ongoing \[[@CR22]\]. Co-Cr and Ni-Cr dental alloys have been widely used for dental prosthetic treatment; however, the biocompatibility has been questioned owing to the metal ions released as these alloys contain the oxidized layer on the surface of the alloys \[[@CR23]\]. The P.F.G Gold alloy, which is a gold alloy for dental restoration, is known as the material that does not cause discoloration and oxidation of dental porcelain \[[@CR24]\]. Among dental ceramics, Zirconia and Lithium disilicate glass ceramic that are commonly used for the fabrication of dental prostheses can cause failure of Zirconia and Lithium disilicate-based dental restorations since they are vulnerable for the fracture caused by brittle rupture in crown-adhesive material-core structure when excessive stress is loaded on upper structure \[[@CR25], [@CR26]\].

In this study, commercially available gold alloys for P.F.G, Co-Cr and Ni-Cr from among the non-precious metal alloys, lithium disilicate glass ceramic that is a ceramic material, and zirconia were used to fabricate single cores that act as superstructures for dental implant prosthetic restorations, through the computer aided design and computer aided manufacturing (CAD/CAM) method (Table [1](#Tab1){ref-type="table"}). The actual manufacturing process was applied according to the manufacturer's instructions for each material, and after the specimens were prepared, the core for restoring the prosthesis on the implant was prepared. The adhesion, proliferation and differentiation of cells were analyzed using MC3TC-E1 pre-osteoblasts involved in implant osseointegration (Fig. [1](#Fig1){ref-type="fig"}). Table 1Components of materials used to fabricate the dental upper prostheses for the experimentDental\
MaterialsPurposeComposition (wt%)P.F.GDental CastingAuPtOthers86.210.83.0LiSi~2~Dental PressingSiO~2~Li~2~OK~2~OP~2~O~5~ZrO~2~ZnOOther oxides and ceramic pigments57--8011--190--130--110--80--80--10ZrO~2~Dental SinteringZrO~2~ + HfO~2~ + Y~2~O~3~Y~2~O~3~HfO~2~AlO~2~ +Other oxides≥ 99%\>  4.5 - ≤ 6.0≤ 5≤ 1.0Ni-CrDental CastingNiCrMoNbAlSi71.8512.89.04.02.50.5Co-CrDental CastingCoCrWNbVSi59.424.510.02.02.01.0*P.F.G* Myeso X*, LiSi2* IPS e.max press*, ZrO2* ZenostarT*, Ni-Cr* StarLoy C*, and Co-Cr* Verabond 2 V Fig. 1Dental core fabrication process of dental restorations by CAD/CAM milling method and cytocompatibility of the osteoblast cell

Methods {#Sec2}
=======

Preparation of specimens {#Sec3}
------------------------

An acrylic model of the mandibular right first molar (AG-3 ZPVK 36; Frasaco GmbH, Tettnang, Germany) was prepared. A plaster model was fabricated by taking an impression of this model with Silicone rubber (Deguform; Degudent GmbH, Germany) based on the manufacturer's recommendation. The plaster model was scanned by using a blue light scanner (Identica blue; Medit, Seoul, Korea) and the scanned data were stored in the format of a STL file. The stored STL file was imported to the CAD design program (Exocad; GmbH, Darmstadt, Germany) for designing the single core with 0.5 mm-thickness and 30 μm-cement gap. To fabricate the single core, a wax block (Vipi Block wax, Vipi, Pirassununga, Brazil) and zirconia block (ZenostarT; Wieland Dental GmbH, Pforzheim, Germany) underwent a 5-axis milling process using a milling machine (DWX-50; Roland DG Corporation, Shizuoka, Japan) (Fig. [1](#Fig1){ref-type="fig"}).

In this experiment, the wax pattern that was milled for the metal core fabrication underwent the investment, burn out, and casting according to the fabrication process sequence. Using the investment material (Bellavest SH; Bego GmbH, Germany), investment was performed in a certain water/powder ratio according to the manual. Based on the investment material manual for burn out, 1-h holding at 250 °C was done followed by 2-h holding at 900 °C. A high frequency dental casting machine (Dentaurum; Germany) was used for casting the metals including Co-Cr (StarLoy C; DeguDent, Hanau-Wolfgang, Germany) and Ni-Cr (VeraBond 2 V; Aalba Dent, Fairfield, CA, USA). The metal single cores and specimens were sandblasted using a sandblasting machine (Basic quattro IS, Renfert, Germany). The P.F.G (Myeso X, Yesbiogold, Southkorea) was invested using high temperature investment materials (phosphate) and two single cores were fabricated according to the manufacturer's instructions. An hour after investment, the cores were placed in the burn out furnace and the temperature was increased to 300 °C. After 30 min holding at 300 °C, the temperature was increased to 850 °C and held for another 30 min followed by casting. After the alumina blast, cleansing was performed for an hour in hydrofluoric acid (HF) and another cleansing for HF removal was performed for 10 min using an ultrasonic cleaner. The mixing ratio was 20% of HF diluted in 80% of water in the total volume. To fabricate ceramic cores, the milled zirconia underwent a sintering process using a zirconia sintering machine (Sinterofen H/T Speed, Mihm-Vogt GmbH, Deutsch, Germany) after increasing the temperature to 1650 °C according to the manual of the machine. For lithium disilicate glass ceramic (IPS e.max press, Ivoclar Vivadent Ltd., Germany), a single core and specimen were fabricated by investing, 30-min-setting, and holding the wax pattern, and was milled with Ingot HT shade A2 according to the manual, at 850 °C followed by pressing. After fabrication, all the specimens were polished with P400 SiC paper.

Cell culture {#Sec4}
------------

A pre-osteoblast cell line (MC3T3-E1; ATCC, CRL-2593, Rockville, MD, US) was used in this experiment. MC3T3-E1 cells were cultured at 37 °C in a humidified incubator containing 5% CO~2~. The culture medium used was minimum essential medium (α-MEM: Welgene Co., Ltd., Seoul, Korea) containing 10% fetal bovine serum (FBS), 1% penicillin streptomycin, 10 mM β-glycerophosphate (Sigma), and 10 μg/mL ascorbic acid. Cell culture maintenance was performed by washing the cells with Dulbecco's phosphate-buffered saline (DPBS) followed by cell detachment using trypsin-EDTA. The detached cells were then suspended in culture medium, centrifuged, counted using trypan blue dye, plated in culture plates (10 mL, 3 × 10^4^ cells/mL), and cultured at 37 °C.

Cell attachment analysis {#Sec5}
------------------------

A piece of size 10 × 10 mm, which is suitable for cell culture, was prepared from the marginal region of each of the metal and ceramic cores of the five completed specimens and the surface and edge of the specimens were trimmed in the shape of a plate. To prepare for confocal laser scanning microscopy (CLSM), pre-osteoblast MC3T3-E1 (3 × 10^4^ cells/mL) cells were cultured for 6 h and 24 h on each of the specimens sterilized with 70% ethanol (Fig. [2](#Fig2){ref-type="fig"}). The specimens were then fixed with 4% paraformaldehyde for 10 min, permeabilized with 0.1% Triton X, and blocked with 1% bovine serum albumin. The specimens were then incubated with phalloidin and 4′,6-diamidino-2-phenylindole to stain the cellular actin and nuclei, respectively. Cell morphology was compared using CLSM (C1 Plus; Inverted IX81, Olympus, Japan) (Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Outcome of measurement in the marginal region of P.F.G, LiSi~2~, ZrO~2~, Ni-Cr, and Co-Cr using CLSM after 6-h and 24-h culture of MC3T3-E1 cells (blue: nuclei, red: cytoplasm, and scale bar: 50 μm)

Analysis of cell proliferation {#Sec6}
------------------------------

Four plates of 10 × 10 × 3 mm for each of the metal and ceramic specimens were prepared and underwent the CAD/CAM method of fabrication and the fabrication of dental restorations. The plates were then placed into the wells and underwent the methoxyphenyl tetrazolium salt (MTS) assay with 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS, Promega, Madison, US) assay. After placing the cells on each of the four specimens, the medium was removed after 5 days of incubation, which is the observation period, and the specimen was cleansed with DPBS. After mixing 100 μl of MTS per mL of FBS-containing medium, the solution was added to each of the specimens and incubated at 37 °C for 2 h. Next, 200 μl of the medium was placed into a 96-well and absorbance was measured at 490 nm using a Micro-reader (Model 550; BioRad, USA).

Analysis of cell differentiation {#Sec7}
--------------------------------

In this experiment, proteins on the specimens were extracted and ALP activity assay was performed by measuring alkaline phosphatase (ALP) in the same amount of protein. For the ALP activity assay, 10 mM β-glycerophosphate (β-GP) and 50 μg/mL ascorbic acid (AA) were added to the medium. Four plates of 20 × 20 × 3 mm for each of the metal and ceramic specimens prepared through the CAD/CAM method and dental restorations fabrication process, and were cultured for 14 days. The culture medium was changed to medium containing β-GP (10 mM) and ascorbic acid (50 mg/mL), and was replaced every 3 days. After cleansing with DPBS, cells were detached with 4 mL of Trypsin-EDTA, the suspension was centrifuged, and the supernatant was removed. Using the protein solution and Triton X-100, the final volume of the sample was adjusted to 100 μl based on normalization to protein production obtained by protein assay. Next, 50 μl of p-Nitrophenyl phosphate (pNPP) (Sigma, USA), the matrix solution, was added and incubated at 37 °C for 1 h. ALP activity was evaluated by measuring the absorbance at 405 nm using a UV-vis spectrometer (Victor 3, Perkin Elmer, USA).

Statistical analysis {#Sec8}
--------------------

Kolmogorov-Smirnov test and Shapiro-Wilk test were performed for testing normality and Levene's test was performed for homogeneity of variance. After performing Mann-Whitney U-test based on non-parametric statistics, statistically significant differences were determined using Bonferroni's post-hoc test. Tukey's post-hoc test was performed for the post hoc after one way-ANOVA. Intergroup comparative analysis was done at the 95% confidence level. Statistical significance was presented as \**p* \< .05, \*\**p* \< .01, and \*\*\**p* \< .001. IBM SPSS (IBM SPSS 25.0; Inc., Chicago, IL, USA) was used for statistical analysis.

Result {#Sec9}
======

Cell attachment analysis {#Sec10}
------------------------

In the in-vitro cell experiment for specimens prepared by dental prosthetic restorations, the adhesiveness of MC3T3-E1 cells was presented in 3-dimensional images (Fig. [2](#Fig2){ref-type="fig"}). Multiple nuclei (stained in blue) and spread cytoplasm (stained in red) are presented, respectively.

Measurement using CLSM after 6 h and 24 h cell culture revealed sufficient cytocompatibility of P.F.G, Lithium disilicate glass ceramic, Zirconia, and Co-Cr (Fig. [2](#Fig2){ref-type="fig"}) as the cellular actin and nuclei were adhered together and actively spread out. Among the metal alloys, Co-Cr presented the highest cell-adhesive distribution whereas Lithium disilicate glass ceramic among the ceramic materials presented the highest cell-adhesive distribution. Although cell-adhesive distribution was observed with P.F.G, Lithium disilicate glass ceramic, Zirconia, and Co-Cr, MC3T3-E1 cells were not able to spread out on Ni-Cr.

Analysis of cell proliferation {#Sec11}
------------------------------

The proliferation of MC3T3-E1 cells in vitro was measured using MTS assay at 5 days after cell proliferation. The measurement presented intergroup absorbance differences between the metal specimens and ceramic specimens prepared through the dental restoration fabrication process with a statistical significance level of 0.05 at 95% confidence level (Table [2](#Tab2){ref-type="table"}). Since the mean and standard deviation of the measurement in the Ni-Cr group after 5 days was 0.3 ± 0.2, significantly smaller values were obtained compared to other groups, whereas a significantly high value was obtained from the zirconia group with the mean and standard deviation at 0.9 ± 0 (Fig. [3](#Fig3){ref-type="fig"}a). Zirconia was found to induce more cell proliferation (Fig. [3](#Fig3){ref-type="fig"}a). Cell proliferation was higher in Lithium disilicate glass ceramic, Zirconia, and Co-Cr compared to Ni-Cr. In contrast, Ni-Cr presented reduced cell proliferation (Fig. [3](#Fig3){ref-type="fig"}a). Intergroup comparison of cell proliferation (Table [2](#Tab2){ref-type="table"}) showed statistically significant differences between Ni-Cr and Lithium disilicate glass ceramic, between Ni-Cr, and zirconia (*p* \< .001), between Co-Cr and Ni-Cr (*p* \< .01), and between zirconia and Co-Cr (*p* \< .01) (Table [2](#Tab2){ref-type="table"}). However, there was no statistically significant difference between Lithium disilicate glass ceramic and Zirconia and between Lithium disilicate glass ceramic and Co-Cr (*p* \> .05) (Table [2](#Tab2){ref-type="table"}). Table 2Intergroup statistical comparisons of methoxyphenyl tetrazolium salt (MTS)95% C.IGroupMeanSDMedian*P*-valuelowerupperLiSi~2~-ZrO~2~.877.059.880.934−.322.113LiSi~2~-NiCr.559.308.638.000^\*\*\*^.312.748LiSi~2~-CoCr.727.113.742.094−.023.412ZrO~2~-NiCr.611.360.700.000^\*\*\*^.417.853ZrO~2~-CoCr.779.165.804.006^\*\*^.081.517CoCr-NiCr.462.219.527.002^\*\*^.118.554\* *p* \< .05, \*\* *p* \< .01, \*\*\* *p* \< .001 Fig. 3The methoxyphenyl tetrazolium salt (MTS) and alkaline phosphatase (ALP) assay absorbance difference. **a** Absorbance of MTS and ALP in MC3T3-E1 cells. **b** Reaction with indicators due to the release of Ni-Cr metal ions during cell culture

Analysis of cell differentiation {#Sec12}
--------------------------------

Figure [3](#Fig3){ref-type="fig"} shows the outcomes of MC3T3-E1 cell differentiation on metal and ceramic specimens measured through the ALP assay after 14 days of culture (Fig. [3](#Fig3){ref-type="fig"}). The mean and standard deviation of the measurement in Lithium disilicate glass ceramic was significantly high as 103 ± 26, whereas that in Ni-Cr was significantly low as 8 ± 1 (Fig. [3](#Fig3){ref-type="fig"}a). Intergroup comparison revealed statistically significant differences between Zirconia and Ni-Cr, and between Co-Cr and Ni-Cr (*p* \< .05) with a statistically significant level of 0.05 at 95% confidence (Table [3](#Tab3){ref-type="table"}). The difference between the Lithium disilicate glass ceramic group and the Ni-Cr group was statistically significant (*p* \< .01) (Table [3](#Tab3){ref-type="table"}). Since the *p*-value presented between Ni-Cr group and all other groups was *p* \< 0.05, the intergroup difference was statistically significant (Table [3](#Tab3){ref-type="table"}). However, intergroup comparison among Lithium disilicate glass ceramic, Zirconia, and Co-Cr did not present statistically significant differences (Table 3). Lithium disilicate glass ceramic presented high ALP activity, whereas Ni-Cr showed low ALP activity (Fig. [3](#Fig3){ref-type="fig"}a). Compared to Ni-Cr, cell differentiation was more active in Lithium disilicate glass ceramic, zirconia, and Co-Cr (Fig. [3a](#Fig3){ref-type="fig"}). Table 3Intergroup statistical comparison of alkaline phosphatase (ALP) assay95% C.IGroupMeanSDMedian*P*-valuelowerupperLiSi~2~-ZrO~2~86.63725.46478.663.301−23.05090.055LiSi~2~-NiCr55.87154.59442.875.003^\*\*^38.481151.587LiSi~2~-CoCr86.09232.64588.011.278−21.96091.145ZrO~2~-NiCr39.12034.31635.606.034^\*^4.979118.085ZrO~2~-CoCr69.34121.85769.6081.000−55.46257.643CoCr-NiCr38.57539.14921.884.037^\*^3.889116.994\* *p* \< .05, \*\* *p* \< .01

Discussion {#Sec13}
==========

In this study, dental cores were fabricated with materials that are used for implant superstructures, through the dental restorations fabrication process, Cell adhesion, morphology, proliferation, and differentiation of MC3T3-E1 pre-osteoblast cells involved in implant osseointegration, on each core were analyzed, and implant cytocompatibility was investigated. In most previous studies on implants, cytocompatibility has been studied through in-vitro cell experiments using osteoblast cells and titanium or titanium alloys \[[@CR27]\]. However, there have been few studies on osteoblast cells and the core, which is the superstructure of the implant prepared through the actual process of dental restoration fabrication.

The fabrication process of the dental restorations is an important process requiring professional technique and proficiency, and appropriate dental materials as the process is for the restoration of lost teeth while restoring the aesthetic aspect desired by the patient and the functional intraoral and dental aspects \[[@CR28]\]. In this experiment, the cores that form the superstructure of the implant were fabricated using materials including P.F.G, which is a gold alloy, Co-Cr alloy and Ni-Cr alloy, which are non-precious metal alloys, and Lithium disilicate glass ceramic and zirconia, which are ceramic materials. Other than precious metals, non-precious metals, ceramic, various biocompatible poly-substances such as polymers and hybrid-resin ceramic are available \[[@CR29]\]. Use of such biocompatible dental materials can enhance the patient's satisfaction on the restorations in the aesthetic and functional aspects \[[@CR30]\].

During dental restorations fabrication, sandblasting surface treatment plays an important role for metal materials in removing the impurities and enhancing the bonding strength between the core and metal materials \[[@CR31]\]. In case of ceramic materials, sintering plays an important role of enhancing the intermolecular bonding strength \[[@CR32], [@CR33]\].

In this study, the cytocompatibility of the specimen fabricated through dental CAD/CAM restorations fabrication procedure was investigated through in-vitro experiments using MC3T3-E1 cells, which are pre-osteoblast cells involved in implant osseointegration. The core was prepared at the step just before the oral application of the patients, observation of cell adhesion in margin area was possible. As shown below, margin area of core is the part where chipping or fracture occur after long period of use. However, since the margin area of core is manufactured in a curved form, it cannot be utilized for in vitro tests which requires consistent dimension. Thus, form of a plate was made in order to conduct in vitro experiments.

For in vitro assessments, culturing time for each tests were set considering the stability and degree of proliferation. To obtain stable and time dependent initial attachment of cells on the specimens, 6 h and 24 h were chosen, and early stage of proliferation was confirmed for 5 days. Characterization of degree of differentiation, 14 days were chosen since it is suitable to avoid overgrowth of cells which could lead to apoptosis and to gather sufficient amount of ALP for comparison. Cell culture was performed under aseptic conditions. The experimental procedure using CLSM includes a post-treatment process and has disadvantages of difficulties in cell adhesion due to errors arising during the experimental procedure or environmental factors when proficient skills are not mastered.

In this experiment, P.F.G was used for CLSM measurement and the surface and component analysis. CLSM measurement of P.F.G showed proper cell adhesion and an active spread of MC3T3-E1 cells (Fig. [2](#Fig2){ref-type="fig"}). This is consistent with previous studies suggesting sufficient biocompatibility, corrosiveness, and corrosion resistance of the dental gold alloys; hence, the prostheses fabricated of the dental gold alloys among other metal alloys were biocompatible \[[@CR34], [@CR35]\]. However, this experiment showed more cell adhesive distribution on Co-Cr among the materials used for dental cores compared to P.F.G in both of 6 h and 24 h of culturing. Cell morphology and adhesion observed by CLSM measurement showed that the cells could not spread and proliferate on the core made of Ni-Cr, and the non-precious metal alloys in particular. In general, studies on the intraoral tissue irritation caused by Ni-Cr alloys have been of the interest and nickel cytotoxicity including allergic reactions have been a real problem \[[@CR36]\].

In the experiment on cell proliferation and differentiation, Co-Cr, Ni-Cr, zirconia, and lithium disilicate glass ceramic underwent the dental restoration fabrication procedure (Fig. [1](#Fig1){ref-type="fig"}) to form of 10 × 10 × 3 mm and 20 × 20 × 3 mm, according to the sizes of the cell culture plate. From the MTS assay for cell proliferation and ALP assay for cell differentiation, a color change of the indicator to blue was observed due to reaction with the ions released during cell culture (Fig. [3](#Fig3){ref-type="fig"}b). According to previous studies, Lithium disilicate and zirconia are known to have no pH change after immersion \[[@CR37]\], and Co-Cr is also known to be not dissolution in the oral cavity. Therefore, it is considered that it does not cause internal environmental changes \[[@CR18], [@CR38]\]. On the other hand, it seems that there is a change in pH of the Ni-Cr alloy \[[@CR39]\], and the change in pH affects cytotoxicity. Also, the restorations fabricated from Ni-Cr alloys influenced the tissue cells surrounding the implanted teeth, causing side effects that may result in cytotoxicity and allergy, and interrupted the metabolism of cytokines and cells that play pivotal roles in the inflammatory process due to the release of metal ions \[[@CR40]\]. On the other hand, zirconia has been known for its advantage of lowering the risk of inflammatory reaction in tissues adjacent to the implant by reducing the adhesive strength and biofilm accumulation of the bacteria \[[@CR41]\].

Therefore, the in-vitro experiment performed in this study is valuable as understanding and recognition of the characteristics and related cytocompatibility of materials used for dental restorations is essential for the appropriate choice and use of dental materials during actual treatment procedures \[[@CR42]\]. The success or failure of various dental restoration treatments using dental materials is determined by the appropriate choice and accurate handling of the dental materials possessing suitable characteristics \[[@CR43]\]. This is ultimately linked to cytocompatibility that the dental materials react with the patient's intraoral tissues \[[@CR44]\]. In the implant structure consisting of fixtures, abutments and cores, experiments were carried out under the assumption that chipping or breaking of the cores after a long period of use causes micro-leakage and may be involved in implant osseointegration. The core margin used for the superstructure of the implant touches the teeth and gums. However, after placement of the implant, micro-leakage of ions can occur from the marginal region of the core due to friction inside the mouth or long-term use \[[@CR45], [@CR46]\].

This study is related to the in-vitro cell compatibility study on the effect of dental core on osteoblasts, but it is necessary to analyze the stability, reaction and effectiveness of dental materials and tissues in the oral cavity more accurately. In-vivo experiments are difficult to perform routinely because they require more time or method than in-vitro experiments. However, the bio-reactivity between the dental material and the oral tissue can be directly observed, and the result of the analysis is considered to be a reliable biocompatibility evaluation.

Hence, in-vivo study through clinical experiments and animal experiments to confirm the biocompatibility of dental materials are thought to be required. With the recent development of 3D printing technology, various experiments using MC3T3-E1 pre-osteoblast cells involved in osseointegration, are expected by studying novel materials and novel fabrication methods to seek for biocompatible dental materials.

In this study, MC3T3-E1 pre-osteoblast cells involved in implant osseointegration were used to analyze the cytocompatibility characteristics including cell adhesion, morphology, proliferation, and differentiation of gold alloy, non-precious metal alloy, and ceramic cores fabricated through the CAD/CAM milling method and the dental restorations fabrication process. MTS assay conducted for the comparison of cell proliferation revealed reduced cell proliferation in the Ni-Cr specimen at 5 days after cell culture. ALP assay for cell differentiation showed that the Ni-Cr specimen had the lowest cell activity. All other specimens presented more uniform cell adhesive distribution and more active cell proliferation and differentiation compared with Ni-Cr. Additionally, cell adhesion, proliferation, and differentiation were more active in dental ceramic materials than in metal materials. However, Co-Cr was found to be similar to the ceramic material because there was no significant difference from the ceramic material.

Conclusions {#Sec14}
===========

The conclusions of this study are as follows: P.F.G, Co-Cr, Lithium disilicate glass ceramic, and zirconia dental cores presented more active cell adhesive distribution compared with Ni-Cr core. Cytocompatibility for implant was confirmed in lithium disilicate glass ceramic, zirconia, P.F.G, Co-Cr. This indicates that the use of lithium disilicate glass ceramic, zirconia, P.F.G, or Co-Cr is desirable when fabricating the core, which is the superstructure of the implant, during the fabrication process of dental restorations.
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